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Abstract 
,QWKHSUHVHQWFDVHVWXG\±DQDLUSRUWORFDWHGDWWKHVRXWKHUQUHJLRQRI3RUWXJDOZLWKDQLQFUHDVLQJQXPEHURISDVVHQJHUVPRUH
WKDQ  PLOOLRQ SDVVHQJHUV  D ZHEEDVHG PRQLWRULQJ V\VWHP ZDV LQVWDOOHG FROOHFWLQJ GLVSOD\LQJ DQG UHJLVWHULQJ WKH
LQIRUPDWLRQJHQHUDWHGE\DZLUHOHVVQHWZRUNRIVHQVRUV7KHPRQLWRULQJRILQGRRUHQYLURQPHQWDOTXDOLW\SDUDPHWHUVDORQJZLWK
ELOOHGHQHUJ\GDWDFRQWURODQGRXWGRRUZHDWKHUFRQGLWLRQVREVHUYDWLRQSHUPLWWHGDFRQWLQXRXVWXQLQJRIWKH+9$&V\VWHPVVHW
SRLQWV7KURXJK WKHFRPSDULVRQRID VL[PRQWKSHULRG LQ WZRFRQVHFXWLYHPRQLWRUHG\HDUVGXULQJ WKHFRROLQJVHDVRQHQHUJ\
VDYLQJVXSWRLQWKH+9$&V\VWHPZHUHDFKLHYHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH&(1752&21*5(66,,17(51$=,21$/(65/
Keywords:$LUSRUW,(4ZHEEDVHGPRQLWRULQJHQHUJ\HIILFLHQF\FRVWUHGXFWLRQ
1. Introduction
$LUSRUWV UHSUHVHQWDNH\ UROH LQ WUDQVSRUWDWLRQRISHRSOHDQGJRRGV DQG LQ UHJLRQDOQDWLRQDO DQG LQWHUQDWLRQDO
FRPPHUFHDQGWRXULVP$VVWDWHGLQ>@\HDUO\HQHUJ\FRVWVUHSUHVHQWW\SLFDOO\WRRIWKHWRWDORSHUDWLQJ
EXGJHW IRU ZKLFK HQHUJ\ HIILFLHQF\ (( LV LGHQWLILHG DV D VLJQLILFDQWPHDQ RI DFKLHYLQJ UXQQLQJ FRVWV UHGXFHG
$GGLWLRQDOO\DVSDUWRIWKHWHUWLDU\VHFWRUDLUSRUWVFDQQRWEHOHIWRXWVLGHWKHLQGRRUHQYLURQPHQWDOTXDOLW\,(4DQG
(( RI EXLOGLQJV EDQQHU RI WKH (8 VWLPXODWHG E\ WKH (3%' >@ DQG IROORZLQJ UHFDVW >@ WKDW EHVLGHV HIILFLHQW
&RUUHVSRQGLQJDXWKRU7HOID[
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ORFDOL]HG HQHUJ\ SURGXFWLRQ V\VWHPV VWLPXODWHV LQWHOOLJHQW FRQWURO DQG PDQDJHPHQW RI HQHUJ\ GHPDQG LQ
EXLOGLQJV>@7KHLQVWDOODWLRQRIVPDUWPRQLWRULQJDQGFRQWUROQHWZRUNVLVDOVRMXVWLILHGE\WKHDLPRI((GHSHQGHQW
RQKDYLQJDGHHSNQRZOHGJHRIWKHEHKDYLRURIWKHGLIIHUHQWHQHUJ\YHFWRUVLQEXLOGLQJV>@
,Q WKH SUHVHQW SDSHU D ZHEEDVHG PRQLWRULQJ VROXWLRQ FROOHFWLQJ GLVSOD\LQJ UHJLVWHULQJ DQG SURFHVVLQJ WKH
LQIRUPDWLRQ JHQHUDWHG E\ D ZLUHOHVV QHWZRUN RI VHQVRUV LQVWDOOHG LQ DQ DLUSRUW ORFDWHG DW WKH VRXWKHUQ UHJLRQ RI
3RUWXJDOZLWKDQLQFUHDVLQJQXPEHURISDVVHQJHUVPRUHWKDQPLOOLRQSDVVHQJHUVLVSUHVHQWHG7KLVEXLOGLQJ
PDQDJHPHQW V\VWHP %06 WRRO ± FRPSOHPHQWLQJ WKH SUHYLRXV RQH LQVWDOOHG LQ  DW WKH DLUSRUW  KDV EHHQ
SUHYLRXVO\SUHVHQWHGLQ>@>@DQGFDQEHIRXQGRQWKHZHE>@+HUHLQ,(4SDUDPHWHUVVXFKDVDLU WHPSHUDWXUH
UHODWLYH KXPLGLW\ DQG&2 FRQFHQWUDWLRQ OHYHOVZHUHPRQLWRUHG7KHRQJRLQJ DQDO\VLV RI WKH GDWD FROOHFWLRQ GDWD
JDYHYHU\PHDQLQJIXOLQIRUPDWLRQDERXWWKHPHWDEROLVPRIWKHEXLOGLQJDQGWKHLQVWDOOHG+9$&V\VWHPV
7KH PRQLWRULQJ FDPSDLJQ KHUHLQ SUHVHQWHG FRQVLGHUHG D VL[ PRQWK SHULRG LQ WZR FRQVHFXWLYH \HDUV $SULO 
6HSWHPEHUDQGDPRQWKGDWDDQDO\VLVRIKRXUO\UHFRUGVZDVVWXGLHGLQWRWDO7KLVPRQLWRULQJSHULRG
FRUUHVSRQGVWRWKHSUHFRROLQJVSULQJWLPHDQGFRROLQJVHDVRQVXPPHU7KHDLUSRUW LVGDLO\RSHQWRWKHSXEOLF
YDU\LQJLWVGDLO\RFFXSDQF\SHULRGQHYHUWKHOHVVDEDVHOLQHQRQRFFXSDQF\SHULRGZDVGHWHUPLQHGIURPPLGQLJKWWR
DPQRQIOLJKWSHULRGDQGUHGXFHGRFFXSDQF\RIWKHDLUSRUW
2. Method and object of study
7KHDLUSRUWKHUHLQSUHVHQWHGLVORFDWHGLQWKHVRXWKHUQUHJLRQRI3RUWXJDO,WRSHQHGLQLWZDVODWHUH[SDQGHG
DQG UHIXUELVKHG LQ JLYLQJ WKHEXLOGLQJ LWV DFWXDO VKDSHDQGVL]H DQGEHVLGHV LWV UHODWLYHO\ VPDOOGLPHQVLRQ
LPSODQWDWLRQ DUHD RI DERXW Pð LW LV SUHVHQWO\ WKHPDLQ WRXULVWLF DLUSRUW RI WKH FRXQWU\ >@ ,W VHUYHV ERWK
$OJDUYHWKH3RUWXJXHVHWRXULVWUHJLRQSDUH[FHOOHQFHDVZHOODVWKH6SDQLVKUHJLRQRI+XHOYDKDYLQJUHJLVWHUHGDQ
LQFUHDVLQJQXPEHURISDVVHQJHUVLQWKHODVWIHZ\HDUVUHFHLYLQJPRUHWKDQPLOOLRQSDVVHQJHUV>@
7KHWHUPLQDO¶VRXWHUZDOOVDUHPDLQO\JODVVFXUWDLQZDOOVZLWKVWHHOIUDPHVEULFNZDOOVDQGJODVVEORFNVZDOOV2Q
WKHVRXWKVLGHWKHUHDUHGRXEOHOD\HUHGJODVVZDOOVZLWKDQDLUOD\HULQEHWZHHQZKLFKWRWDOPPRIWKLFNQHVV2Q
WKHURRIWRSWKHUHDUHPHWDOSDQHOVZLWKLVRWKHUPDOILQLVKLQJ,QWHUPVRI+9$&V\VWHPVWKHUHDUHWZRWKHUPDOSODQWV
UHVSRQVLEOHIRUFOLPDWHFRQWURORIWKHRSHQVSDFHVDQGRIILFHVDQGRQHVLQJOHKHDWSXPSIRUFOLPDWHFRQWURORI WKH
UHWDLO VWRUHV DW )DUR $LUSRUW SDVVHQJHU WHUPLQDO EXLOGLQJ 0RUHRYHU FOLPDWH FRQWURO RQ RSHQ VSDFHV LV JUDQWHG
WKURXJKSLSHVDLUKDQGOLQJXQLWV$+82IILFHVDQGUHVWDXUDQWVDUHVHUYHGE\SLSHVIDQFRLOVDQG$+87KH
SLSHVV\VWHPVXSSOLHVFRRORUKRWZDWHUGHSHQGLQJRQWKHWLPHRIWKH\HDU
$VWKHORDGVRIDQ\EXLOGLQJYDU\IURPSODFHWRSODFHDQGIURPWLPHWRWLPHWKHORQJWHUPSHUIRUPDQFHRILQGRRU
HQYLURQPHQW RI D EXLOGLQJ LV GRQH E\ HYDOXDWLQJ WKH LQGRRU HQYLURQPHQW RI W\SLFDO URRPV UHSUHVHQWLQJ GLIIHUHQW
]RQHVLQWKHEXLOGLQJ>@3UHVHQWO\HOHYHQ,(4PRQLWRULQJVWDWLRQVDUHLQVWDOOHGLQWKHDLUSRUWLQGLIIHUHQWDUHDVHJ
RQHDWWKHGHSDUWXUHVRQHFKHFNLQDUHDRQHJDWHDUULYDOVVHFXULW\FRQWUROGXW\IUHHDUULYDOVEDJJDJHFODLPDQG
DQRXWGRRUZHDWKHUVWDWLRQ,QWKHSUHVHQWSDSHUGXHWRVSDFHOLPLWDWLRQVRQO\IRXUVWDWLRQVDUHDQDO\]HG
7KH PHDVXUHPHQWV RI DLU WHPSHUDWXUH UHODWLYH KXPLGLW\ DQG &2 FRQFHQWUDWLRQV ZHUH REWDLQHG WKRXJK WKH
LQVWDOODWLRQRIDZLUHOHVVPRQLWRULQJV\VWHPLQWKHDLUSRUWEXLOGLQJZKLFKSURYHGWREHH[WUHPHO\LPSRUWDQWLQWHUPV
RIWKH,(4DQDO\VLVDQGHQHUJ\FRQVXPSWLRQUHGXFWLRQ
2.1. The monitoring system 
7KH IOH[LEOH VROXWLRQ GHYHORSHG E\ :6%3 LV EDVHG RQ D GLVWULEXWHG QHWZRUN RI VHQVRUV ZLWK ZLUHOHVV
FRPPXQLFDWLRQ7KHFHQWUDOXQLWRIWKHQHWZRUNLVDURXWHUOLNHPDFKLQHWKDWVHUYHVDVDKXEIRUWKHLQIRUPDWLRQWKDW
LVUHFHLYHGIURPWKHYDULRXVWUDQVPLVVLRQQRGHV7KHLQIRUPDWLRQFROOHFWHGWKURXJKWKHURXWHULVVHQWWRDGDWDEDVH
UHVLGLQJ RQ D VHUYHU DQG FDQ EH SURYLGHG WR FXVWRPHUV RU DFFHVVHG WKURXJK D ZHE DSSOLFDWLRQ 7KH DSSOLFDWLRQ
VRIWZDUH QDPHG -DQXVZDVGHYHORSHG IRU GDWDSURFHVVLQJ DQG IRU SURYLGLQJGLUHFW DFFHVV WR WKH LQIRUPDWLRQ YLD
,QWHUQHWLQFOXGLQJD'DVKERDUGPRGXOHGLVSOD\LQJUHDOWLPHLQIRUPDWLRQDWGLIIHUHQWDJJUHJDWLRQGDWDOHYHOVDQGD
6SDFH ,QYHVWLJDWRU PRGXOH EURDGFDVWLQJ LQIRUPDWLRQ GLUHFWO\ WR WKH DUHD RI WKH DLUSRUW EHLQJ PRQLWRUHG DV
SUHVHQWHGLQ)LJ
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a) b) 
)LJ-DQXVJUDSKLFDOLQWHUIDFHPRGXOHVD'DVKERDUGDQGE6SDFH,QYHVWLJDWRU
3. Results and data analysis 
)URP WKH HOHYHQ ,(4PRQLWRULQJ VWDWLRQV LQVWDOOHG DW WKH DLUSRUW IRXUZHUH VHOHFWHG RQH LQ WKH FKHFNLQ DUHD
,$4RQHDWWKHVHFXULW\FRQWURO,$4RQHLQWKHGXW\IUHHDUHD,$4DQGRQHDWDERDUGLQJJDWH,$4
7KH,(4PRQLWRULQJUHVXOWVDUHQH[WSUHVHQWHG
3.1. IAQ and CO2 concentration values 
”Air quality of building can be evaluated in buildings where people are the main pollution source by measuring 
the average CO2 concentration in the building, when building is fully occupied” >@ VLQFH FDUERQGLR[LGH LQ WKH
LQGRRU DLU UHVXOWV PRVWO\ IURP WKH KXPDQ PHWDEROLVP 7KH FRQWLQXRXV PRQLWRULQJ RI WKH &2 FRQFHQWUDWLRQ LV
JHQHUDOO\ D IDLWKIXO LQGLFDWRU RI WKH KXPDQ RFFXSDQF\ DQG RI WKH YHQWLODWLRQ HIIHFWLYHQHVV 7KH WKUHVKROG OLPLWV
VSHFLILHG E\ WKH FXUUHQW QDWLRQDO OHJLVODWLRQ IRU &2 LQ WKH LQGRRU DLU DUH PJP SSP DYHUDJH
FRQFHQWUDWLRQYDOXHGXULQJWKHRFFXSDQF\SHULRGLQWKHSUHVHQWFDVH
,Q WHUPVRI&2FRQFHQWUDWLRQVGXULQJ WKHYDULRXVRFFXSDQF\SHULRGV WKHDYHUDJHYDOXHVYDULHGEHWZHHQ±
SSP LQ WKH IRXU ,$4 VWDWLRQV LQ ERWK \HDUV ,Q WHUPVRI WKH QDWLRQDO UHJXODWLRQ >@ WKLV SDUDPHWHU UHIHUHQFH
YDOXH LQ IXOILOOHG LQPRUH WKDQRI WKH WLPH SSPZKDW H[SUHVVHV DQ H[WUDRUGLQDU\ UHVXOW LQ WHUPVRI
,$40RUHRYHUWKHPD[LPXPUHFRUGHG&2YDOXHVZKHUHRQO\LQDIHZFLUFXPVWDQFHVDERYHWKHUHIHUHQFHYDOXHV
7DEOH6XPPDUL]LQJWDEOHRIWKH&2FRQFHQWUDWLRQDYHUDJHYDOXHVGXULQJRFFXSDQF\SHULRGV$SULOVW±6HSWHPEHUWK
<HDU?,$46WDWLRQ ,$4 ,$4 ,$4 ,$4
    
    

'HHSHQLQJWKLVDQDO\VLVEDVHGXSRQWKH(1>@ZKHUHWKH&2FRQFHQWUDWLRQHYDOXDWLRQFDQEHH[SUHVVHG
LQFRQFHQWUDWLRQDERYHWKHRXWGRRU&2FRQFHQWUDWLRQLWZDVYHULILHGWKDWLQDOOWKHIRXUVSDFHVGXULQJDVLJQLILFDQW
SHUFHQWDJHRIWKHRFFXSLHGWLPHWKHYDOXHVIDOOLQWRWKHRSWLPXPFDWHJRU\WKDWLVQRUPDOO\XVHGIRU³UHFRPPHQGHG
IRUVSDFHVRFFXSLHGE\YHU\VHQVLWLYHDQGIUDJLOHSHUVRQVZLWKVSHFLDOUHTXLUHPHQWV´7KHRUHWLFDOO\WKHDLUSRUWVKRXOG
ILW EHWZHHQ FDWHJRULHV ,, DQG ,,, QHZ EXLOGLQJV DQG PDMRU UHQRYDWLRQV H[LVWLQJ EXLOGLQJV 7KHVH UHVXOWV DKHDG
VXPPDUL]HGLQ)LJUHYHDOHGWKDWWKHUHLVVLJQLILFDQWSRWHQWLDORIHQHUJ\VDYLQJWKURXJKWKHDGMXVWPHQWRIWKHDLU
IORZUDWHVLQWHUPVRIWKHRFFXSDQF\7KHREWDLQHGUHVXOWVH[SRVHGWKDW&2FRQFHQWUDWLRQYDOXHVPLJKWEH³UHOD[HG´
DQGWKHDLUSRUWZLOOSUREDEO\PDLQWDLQ,$4OHYHOVLQDJRRGFDWHJRU\LQWHUPVRI,$4
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a) b) 
)LJ&2FRQFHQWUDWLRQHYDOXDWLRQH[SUHVVHGLQSHUFHQWDJHRIWLPHGXULQJRFFXSDQF\SHULRGVLQ,$4FDWHJRULHVDFFRUGLQJZLWKWKHYDOXHVRI
7DEOH%LQ(1H[SUHVVHGLQFRQFHQWUDWLRQDERYHRXWGRRUFRQFHQWUDWLRQFRQVLGHUHGSSPDDQGE
3.2. Thermal environment 
“A variety of indoor thermal environments exist within airport terminals, ranging from gate-hold to baggage 
handling. Maintaining comfortable conditions for occupants with different metabolic rates and clothing levels who 
are departing to and arriving from different climates or continually entering and exiting the building can be a 
challenge” >@ 'XHWRWKHGLIILFXOW\H[SRVHGIRXUGLIIHUHQWDUHDVZHUHVHOHFWHG7KHLQGRRUDLU WHPSHUDWXUHV7D
GLVWULEXWLRQ LQ ERWK \HDUV IURP $SULO VW WR 6HSWHPEHU WK LV SUHVHQWHG LQ )LJ  )URP WKH UHVXOWV LW FDQ EH
REVHUYHGWKDWRQO\LQDYHU\IHZRFFDVLRQV7DZDVEHORZWKHORZHVWUHIHUHQFHVYDOXHV&7DDERYH&ZDV
QHYHUUHJLVWHUHGDQGLQ,$4DQG LQGRRUDLU WHPSHUDWXUHVLQWKHLQWHUYDO&ZHUHRQO\GHWHFWHGLQOHVV
WKDQRIWKHRFFXSDQF\SHULRGV,QDOO WKHIRXU,$4VWDWLRQVIURPWRWRLWZDVYHULILHGDIUHTXHQF\
GHFUHDVHLQWKHLQWHUYDO&DQRQO\,$4LQFUHDVHGWKHIUHTXHQF\LQLQWKHLQWHUYDO&FXULRXVO\
GHFUHDVLQJLQWKHLQWHUYDO&

D E F G
)LJ$LUWHPSHUDWXUHGLVWULEXWLRQLQWHUYDOVLQDQGD,$4±&KHFNLQDUHDE,$4±6HFXULW\FRQWUROF,$4±'XW\IUHH
DQGG,$4±%RDUGLQJJDWH
0RUHRYHULWZDVYHULILHG,Q,$4LQ7DYDULHGEHWZHHQWR&GXULQJRIWKHRFFXSDQF\SHULRGV
,QWKLVLQWHUYDOFRUUHVSRQGHGWR,Q,$4WKHFRUUHVSRQGHQWSHUFHQWDJHVWRWKLVLQWHUYDOZHUH
DQG,Q,$4DQGUHVSHFWLYHO\,Q,$4DQGIRUWKLVWHPSHUDWXUHLQWHUYDO
,WLVQRWLFHDEOHWKDWZLWKWKHH[FHSWLRQRI,$4DOOWKHRWKHU,$4VWDWLRQVYHULILHGD7$GHFUHDVHLQWKHKLJKHVW
7D LQWHUYDOVEHWZHHQDQG ,W LV DOVRZRUWK\ UHPLQGLQJ WKDW LQ WHUPVRI WKHH[WHUQDOFRQGLWLRQV¶V
VSULQJZDVPXFKZDUPHUWKDQ7KLVMXVWLILHGIRULQVWDQFHWKDW WKHSHDN7DZDVDFKLHYHGERWKLQ,$4DQG
,$4RQ$SULOWKDURXQGSP7D &DQG7D &UHVSHFWLYHO\
)URPWDEOHQH[WSUHVHQWHGLWLVQRWLFHDEOHWKDWWKHKLJKHVWUHFRUGHGYDOXHVLQHDFKLIWKH,$4VWDWLRQZDVKLJKHU
LQWKDQLQ±WKLVLVQRWRQO\DFRQVHTXHQFHRIWKHRXWGRRUFRQGLWLRQVDYHUDJHPRQWKO\PHDQWHPSHUDWXUHV
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DUH SUHVHQWHG LQ )LJ EXW DOVR UHLQIRUFHV WKDW WKHUH KDV EHHQ DV HIIRUW WR NHHSLPSURYH WKH SDVVHQJHUV¶ FRPIRUW
EHVLGHVHQHUJ\VDYLQJVJRDO
7DEOH6XPPDUL]LQJWDEOHRIWKHUHFRUGHGYDOXHVLQWKHIRXU,$4VWDWLRQGXULQJWKHRFFXSDQF\SHULRGV$SULOVW±6HSWHPEHUWK
<HDU 6WDWLVWLF'DWD ,$4 ,$4 ,$4 ,$4



+LJKHVWUHFRUG    
/RZHVWUHFRUG    
Average 23,57 24,79 25,55 24,15 
6WGHYLDWLRQ    



+LJKHVWUHFRUG    
/RZHVWUHFRUG    
Average 23,68 24,64 26,09 23,69 
6WGHYLDWLRQ    
Note*: value registered at 05:00pm 12/08/2014 – External temperature = 29ºC (daily average temperature = 26ºC) 
Note**: value registered at 05:00pm 14/06/2014 – External temperature = 28ºC (daily average temperature = 25ºC) 
Note***: value registered at 04:00pm 08/04/2014 – External temperature = 27ºC (daily average temperature = 20ºC) 
,Q)LJWKHGHWDLOHGYLHZPRGXOHRIWKHJUDSKLFDOLQWHUIDFHRIWKHDLUWHPSHUDWXUHGDWDRIWKH,$4VWDWLRQLV
H[SRVHG,WLVFXULRXVWKDWERWKVWDWLRQV,$4DQG,$4UHJLVWHUHGWKHKLJKHVW7DRQ$SULOWKWKH³DEQRUPDO
SHDN´UHJLVWHUHGRQ$SULOWKZDVQRWFRQVLGHUHGLWPRVWSUREDEO\FRLQFLGHVWRVRPHERG\WRXFKLQJWKHVHQVRU±HJ
FOHDQLQJ±RUGLUHFWLQFLGHQFHRIVXQOLJKW7KLVLVWKHUHVXOWRIDQXQH[SHFWHGKRWWHUWKDQDYHUDJH$SULO¶VZHHN

D
)LJ'HWDLOHGYLHZPRGXOHJUDSKLFDOLQWHUIDFH$LUWHPSHUDWXUHGDWD,$4D±$SULO
3.3. Energy savings 
7KHSHUPDQHQW2	0WUDLQHGWHDPDORQJZLWKWKHLQWHJUDWLRQRIWKH%06XWLOLWLHVSRWHQWLDOO\GLVFRYHUSUREOHPV
ZLWKLQ V\VWHPV DOPRVW LQVWDQWDQHRXVO\ DQG DGGUHVV LPPHGLDWHO\ WR SUREOHPV DV WKH\ RFFXU >@ “This rapid 
assessment serves (…) and increase SUHYHQWLYHPDLQWHQDQFHWRLQFUHDVHWKHOLIHRIWKHV\VWHP)XUWKHUEHFDXVHGDWD
DUHFRQVWDQWHQHUJ\VDYLQJVDUHFRQWLQXRXVDQGRQJRLQJ´>@0RUHRYHUWKURXJKWKHDGMXVWPHQWRIUHVHWDQGVHW
EDFN WHPSHUDWXUHV VHWWLQJV² WKDW ZHUH RIWHQ DGMXVWHG RQO\ RYHU D ORQJ WLPH ± LW ZDV SRVVLEOH WR DFKLHYH VRPH
VLJQLILFDQWHQHUJ\VDYLQJV
'XULQJWKHWZRDQDORJXHSHULRGVXQGHUDQDO\VLVDGHFUHDVHRQWKH+9$&V\VWHPVHQHUJ\FRQVXPSWLRQRI
ZDVYHULILHGEHWZHHQDQG±LQ)LJWKH+9$&V\VWHPVPRQWKO\HQHUJ\FRQVXPSWLRQLVSORWWHGDORQJ
DYHUDJHPRQWKO\PHDQWHPSHUDWXUHVRXWGRRUV7KHVOLJKWO\KLJKHUWHPSHUDWXUHVYHULILHGLQ¶VVSULQJMXVWLI\WKH
VOLJKWO\ LQFUHDVH LQ WKH HQHUJ\ FRQVXPSWLRQ GXULQJ WKLV SHULRG ZKHQ IDFLQJ  7KLV HQHUJ\ FRQVXPSWLRQ
UHGXFWLRQ ZDV DOVR YHULILHG LQ WHUPV RI WKH HQHUJ\ SHU SDVVHQJHU LQGLFDWRU  WR N:KSDVVHQJHU 7KHVH
YDOXHVDUHHYHQPRUHVLJQLILFDQWVLQFHWKHUHZDVDQLQWHQVLW\LQFUHDVHRILQWKHQXPEHURISDVVHQJHUVLQ
GXULQJ WKLV VDPH SHULRG $GPLWWLQJ WKDW +9$& HQHUJ\ FRQVXPSWLRQ FRUUHVSRQGV WR  RI DOO HQHUJ\ LQ
DLUSRUWV>@WKLVHTXDOVN:KSDVVHQJHULHRIWKHDYHUDJHHQHUJ\FRQVXPSWLRQN:KSDVVHQJHULQ
(8DLUSRUWV>@

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
)LJ+9$&V\VWHPV(OHFWULFLW\&RQVXPSWLRQ$SULO6HSWHPEHU	WKRXVDQGN:KSORWWHGWRJHWKHUZLWKWKHH[WHUQDOPRQWKO\PHDQ
WHPSHUDWXUHVLQERWKSHULRGV
4. Conclusions & outlook 
7KH LQVWDOODWLRQ RI D FRPSOHPHQWLQJ %06 WRRO LQ WKH DLUSRUW FRYHULQJ DPRQJ RWKHUV LVVXHV UHODWHG WR ,(4
SURYHGWREHH[WUHPHO\LPSRUWDQWDWLPSURYLQJWKHHQHUJ\HIILFLHQF\RIWKH+9$&V\VWHPV7KURXJKWKHFRQWLQXRXV
REVHUYDWLRQRIWKH%06WRRO-DQXVDQGSURSHU+9$&V\VWHPVVHWSRLQWGHILQLWLRQGXULQJWKHFRROLQJVHDVRQ
WKHDLUSRUWUHGXFHGLWVHQHUJ\FRQVXPSWLRQLQUHODWLRQWRWKHHTXLYDOHQWSHULRGRIWKHSUHFHGLQJ\HDU
7KLVSDSHU UHSRUWV(( LPSURYHPHQWVEHLQJ LPSOHPHQWHGDW DQDLUSRUW LQ VRXWKHUQ(XURSH WKDW DUH ORZFRVWE\
PHDQVRI%06WRROVLPSOHPHQWDWLRQIROORZHGE\((SUDFWLFHVLQPDQDJHPHQWDQGRSHUDWLRQWRZDUGVJRRGDLUSRUW
SUDFWLFHV ,W SRWHQWLDOO\ WDUJHWV WHUPLQDO PDQDJHUV RI VPDOO DLUSRUWV VWDII FRQVXOWDQWV DQG RWKHU VWDNHKROGHUV
LQWHUHVWHGLQ((0RUHRYHUVLQFHLQIRUPDWLRQFDQEHVKDUHGDQGWKHVHHQHUJ\HIILFLHQF\PHDVXUHVDUHVFDODEOHWKLV
DLUSRUWPD\EHXVHGDVDUHIHUHQFHIRUELJJHUDLUSRUWWHUPLQDOV
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